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YROXPHRI6L1FXWWLQJVSHHGIHHGUDWHGLDPHWHURIGULOOELWDQGPDFKLQLQJWLPHDUHRSWLPL]HGZLWKFRQVLGHUDWLRQ
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E\ WDNLQJ LQWR DFFRXQW WKH HIIHFW RI FXWWLQJ VSHHG IHHG GLDPHWHU RI FXW PDFKLQLQJ WLPH RQPHWDO UHPRYDO UDWH
VSHFLILFHQHUJ\VXUIDFHURXJKQHVVYROXPHIUDFWLRQDQGIODQNZHDU$PXOWLSOHUHJUHVVLRQPRGHOLVXVHGWRUHSUHVHQW
UHODWLRQVKLS EHWZHHQ LQSXW DQG RXWSXW YDULDEOHV DQG D PXOWLREMHFWLYH RSWLPL]DWLRQ PHWKRG EDVHG RQ D *HQHWLF
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*$ LV XVHG WR RSWLPL]H WKH SURFHVV SDUDPHWHUV0XUWK\ HW DO  KDYH GLVFXVVHG WKH HIIHFW RI
SURFHVVSDUDPHWHUVVXFKDVVSLQGOHVSHHGDQGIHHGGULOOGLDPHWHU DQGSRLQWDQJOHDQGPDWHULDO WKLFNQHVVRQWKUXVW
IRUFHDQGWRUTXHJHQHUDWHGGXULQJGULOOLQJRI*ODVV)LEHU5HLQIRUFHG3RO\PHU*)53FRPSRVLWHPDWHULDOXVLQJVROLG
FDUELGHGULOOELW)XOOIDFWRULDO'HVLJQRI([SHULPHQWV'2(KDVEHHQDGRSWHGDQGWKHUHVXOWVLQGLFDWHWKDWVSLQGOH
VSHHG LV WKH PDLQ FRQWULEXWLQJ SDUDPHWHU IRU WKH YDULDWLRQ LQ WKH WKUXVW IRUFH DQG GULOO GLDPHWHU LV WKH PDLQ
FRQWULEXWLQJIDFWRUIRUYDULDWLRQLQWRUTXH7KHRSWLPXPFRPELQDWLRQRISURFHVVSDUDPHWHUVHWWLQJVKDVEHHQIRXQG
RXW XVLQJ WKH LQWHJUDWLRQ RI 7DJXFKLPHWKRG DQG 5HVSRQVH 6XUIDFH0HWKRGRORJ\ 5DMPRKDQ HW DO  KDYH
GLVFXVVHG WKH7DJXFKLPHWKRGZLWK JUH\ UHODWLRQDO DQDO\VLVZDV XVHG WR RSWLPL]H WKHPDFKLQLQJ SDUDPHWHUV ZLWK
PXOWLSOH SHUIRUPDQFH FKDUDFWHULVWLFV LQ GULOOLQJ K\EULG PHWDO PDWUL[ $O6L&PLFD FRPSRVLWHV 7KH GULOOLQJ
SDUDPHWHUV QDPHO\ VSLQGOH VSHHG IHHG UDWH GULOO W\SH DQG PDVV IUDFWLRQ RI PLFD ZHUH RSWLPL]HG EDVHG RQ WKH
PXOWLSOHSHUIRUPDQFHFKDUDFWHULVWLFVLQFOXGLQJWKUXVWIRUFHVXUIDFHURXJKQHVVWRROZHDUDQGEXUUKHLJKWH[LW7KH
UHVXOWVVKRZWKDWWKHIHHGUDWHDQGWKHW\SHRIGULOODUHWKHPRVWVLJQLILFDQWIDFWRUVZKLFKDIIHFWWKHGULOOLQJSURFHVV
DQG WKH SHUIRUPDQFH LQ WKH GULOOLQJ SURFHVV FDQ EH HIIHFWLYHO\ LPSURYHG E\ XVLQJ WKLV DSSURDFK 1DYHHQ HW DO
 KDYH GLVFXVVHG WKH HIIHFWV RI WKH GULOOLQJ SDUDPHWHUV VSHHG DQG IHHG RQ WKH GDPDJH IDFWRU LQ GULOOLQJ
FRPSRVLWHV JODVV KHPS	 VDQGZLFK ILEHUVZLWK GLIIHUHQW ILEHU YROXPH IUDFWLRQV LH   	7KUHH
VSHHGVIRXUIHHGVDQG WKUHHYROXPHIUDFWLRQVDUHXVHGLQWKLVVWXG\7KHLU REMHFWLYH LVWR GHFUHDVHWKHGDPDJHIDFWRU
RI FRPSRVLWHPDWHULDOVZLWK GLIIHUHQW ILEHU YROXPH IUDFWLRQV E\YDU\LQJGULOO SDUDPHWHUV VXFK DV VSHHG DQG IHHG
3DODQLNXPDU  KDV SUHVHQWHG DQHIIHFWLYH DSSURDFK IRU WKHRSWLPLVDWLRQRIGULOOLQJSDUDPHWHUVZLWKPXOWLSOH
SHUIRUPDQFHFKDUDFWHULVWLFVEDVHGRQWKH7DJXFKL¶VPHWKRGZLWKJUH\UHODWLRQDODQDO\VLV 7KH\KDYHXVHG /OHYHO
RUWKRJRQDODUUD\ IRUWKHH[SHULPHQWDWLRQ7KHGULOOLQJSDUDPHWHUVVXFK DVVSLQGOHVSHHGDQGIHHGUDWHDUHRSWLPL]HG
ZLWK FRQVLGHUDWLRQRIPXOWLSOHSHUIRUPDQFH FKDUDFWHULVWLFV VXFK DV WKUXVW IRUFHZRUNSLHFH VXUIDFH URXJKQHVV DQG
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WKDQVSLQGOHVSHHG7KHUHVXOWVLQGLFDWHWKDWWKHSHUIRUPDQFHRIGULOOLQJSURFHVVFDQEHLPSURYHGHIIHFWLYHO\WKURXJK
WKLVDSSURDFK .LOLFNDS  KDV LQYHVWLJDWHG WKH LQIOXHQFHRI WKHFXWWLQJSDUDPHWHUVVXFKDVFXWWLQJVSHHGDQG
IHHGUDWHDQGSRLQWDQJOHRQGHODPLQDWLRQSURGXFHGZKHQGULOOLQJD*)53FRPSRVLWH7XUJD\.LYDNHWDO 
KDYH GLVFXVVHG WKH HIIHFW RI FXWWLQJ SDUDPHWHUV RQ WKH KROH TXDOLW\ FLUFXODULW\ DQG KROH GLDPHWHU DQG WRROZHDU
GXULQJWKHGULOOLQJRIVXSHUDOOR\,QFRQHOZLWKFRDWHGDQGXQFRDWHGFDUELGHGULOOVZDVLQYHVWLJDWHG 7KH\KDYH
REVHUYHG WKDW WKHUH ZDV D GHFUHDVH RI WRRO SHUIRUPDQFH DQG KROH TXDOLW\ DW KLJK FXWWLQJ VSHHG DQG IHHG UDWH
FRPELQDWLRQV $ VHULRXV LQFUHDVH LQ WRRO ZHDU ZDV REVHUYHG ZKHQ LQFUHDVLQJ FXWWLQJ VSHHG +RFKHQJ DQG 7VDR
 KDYHGLVFXVVHG WKDW WUDGLWLRQDODQGQRQWUDGLWLRQDO GULOOLQJSURFHVVHVDUH IHDVLEOH IRUPDNLQJ ILQHKROHV IRU
FRPSRVLWHPDWHULDOVE\FDUHIXOO\VHOHFWHGWRROPHWKRGDQGRSHUDWLQJFRQGLWLRQV
$ODNHVK 0DQQD DQG .DQZDOMHHW 6LQJK  KDYH GLVFXVVHG WKH PDFKLQLQJ RI PHWDO PDWUL[ FRPSRVLWHV LV
GLIILFXOWGXH WR WKH SUHVHQFHRI UHLQIRUFHG6L&SDUWLFXODWHV LQ WKHPHWDOPDWUL[FRPSRVLWH*XO7RVXQDQG0HKWDS
0XUDWRJOX  GLVFXVVHG WKH VXUIDFH LQWHJULW\ RI GULOOHG $O6L& SDUWLFXODWH 00&V 'U\ GULOOLQJ WHVWV DW
GLIIHUHQW VSLQGOHVSHHG IHHG UDWHV GULOOV SRLQW DQJOHV RI GULOO DQG KHDW WUHDWPHQW ZHUH FRQGXFWHG LQ RUGHU WR
LQYHVWLJDWH WKHHIIHFWRI WKHYDULRXVFXWWLQJSDUDPHWHUVRQ WKHVXUIDFHTXDOLW\DQG WKHH[WHQWRI WKHGHIRUPDWLRQRI
GULOOHG VXUIDFH GXH WR GULOOLQJ7KHZRUNSLHFHPDWHULDOZDV GULOOHG LQ IRXU KHDW WUHDWPHQW FRQGLWLRQV DVUHFHLYHG
VROXWLRQWUHDWHGDQGVROXWLRQWUHDWHGDQGDJHGIRUDQGK'ULOOLQJWHVWVZHUHFDUULHGRXWXVLQJKLJKVSHHGVWHHO
+667L1FRDWHG+66DQG VROLG FDUELGHGULOOV 7KH RSWLPXP VXUIDFH URXJKQHVVZDV GHWHUPLQHGZKHQ WKH VROLG
FDUELGHGULOOWRROVZHUHXVHGRQWKHVSHFLPHQVZLWK SHDNDJHG FRQGLWLRQ 7VDRDQG+RFKHQJ  KDYH GLVFXVVHG
WKH SUHGLFWLRQDQGHYDOXDWLRQRI WKUXVW IRUFHDQGVXUIDFH URXJKQHVV LQGULOOLQJRIFRPSRVLWHPDWHULDO XVLQJFDQGOH
VWLFN GULOO )RU WKH HYDOXDWLRQ RI WKH WKUXVW IRUFH DQG VXUIDFH URXJKQHVV SURGXFHG E\ FDQGOH VWLFN GULOO XVLQJ
UHJUHVVLRQDQDO\VLVRIH[SHULPHQWVDQG5%)15DGLDO%DVLV)XQFWLRQ1HWZRUNZHUHSURSRVHG,VODPHWDO 
KDYH GHWHUPLQHWKHHIIHFWVRIWKHWKUHHPDMRULQSXWSDUDPHWHUVFXWWLQJVSHHGIHHGUDWHDQGFDQQHGF\FOHRQWKUHH
NH\DFFXUDF\FKDUDFWHULVWLFVRIGULOOHGKROHVGLDPHWHUHUURUFLUFXODULW\DQGVXUIDFHURXJKQHVVRI$OXPLQLXP
ZRUNPDWHULDO XVLQJ+66 WRROPDWHULDO $ QXPEHU RI GLIIHUHQW FDQQHG F\FOHV DUH LQ XVH IRU FRPSXWHU QXPHULFDO
FRQWURO&1&GULOOLQJRSHUDWLRQVRIZKLFKWKHFKLSEUHDNLQJFDQQHGF\FOHVSRWGULOOLQJFDQQHGF\FOHDQGGHHSKROH
FDQQHGF\FOHDUHWKHWKUHHPRVWSRSXODUFKRLFHV7KHVSRWGULOOLQJFDQQHGF\FOHSURGXFHGWKHEHVWUHVXOWV/DXUHQ7LX
0LKDLO  KDV GLVFXVVHGWKHGHHSKROHGULOOLQJZLWKKHOLFDOGULOOVLVDGLIILFXOWPDFKLQLQJSURFHVVEHFDXVHRIWKH
FKLSVWKDWPXVWEHHYDFXDWHGIURPWKHPDFKLQLQJDUHD
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